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Abstract—In this article the current state and future 
prospects of additive technologies was analyzed. The 
systematization of additive manufacturing depending on the 
used types of materials and methods of its treatment was 
carried out. The main steps of manufacturing process with 
additive technologies were defined. The proportion of additive 
technologies in manufacturing of the leading world countries 
was evaluated and presented. The advantages and 
disadvantages of additive manufacturing were summarized 
and the future prospects of additive technologies were 
formulated. 
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I. INTRODUCTION 
Additive technologies (AT) are the technologies of 
creation of a product according to digital 3D model by 
method of layer-by-layer building [1]. 
AT have a wide range of using from manufacturing and 
designing to educational activities and provision of health 
services. In particular, the purpose of using AT in the 
manufacturing is creation of cheaper, reliable and qualitative 
production with using the new materials and the treatment 
technologies of these materials [2]. 
Currently, the additive systems which were embodied by 
the technology of 3D printing as an expendable are used the 
different polymeric materials, composite powders, metals, 
ceramics, etc. 
The information about AT which can found in open for a 
wide range of people sources was contained completely or 
partially inaccurate data. For example, the information about 
the jet engine which was obtained with using AT [3]. The 
analysis of this information was shown that in this case was 
made only a model of the jet engine which can use for only 
demonstration of this engine. 
The purpose of this work is a systematic and thesis 
presentation of the basics of AT which will allow to novice 
AT researchers to get an objective idea about this type of 
technologies. They will can conduct a critical analysis of 
information about AT which were located in open sources.  
II. THE SYSTEMATIZATION OF ADDITIVE TECHNOLOGIES 
In accordance with the nature and aggregate state of the 
expendable materials and also type of treatment technologies 
of these materials were allocated the follow types of AT [4]. 
A. Type one 
Firstly, the technology of solidification of liquids which 
was involved the solidification of thin layers of 
photopolymer under the action of a laser or ultraviolet 
radiation: Stereolithography Apparatus – the selective 
solidification of liquid photopolymer under the action of a 
laser in the thank, Direct Light Processing – the selective 
solidification of liquid photopolymer under the action of 
ultraviolet radiation in the thank [5], Material Jetting (Polyjet 
Matrix) – the solidification of liquid polymer under the 
action of ultraviolet radiation when using it on the 
construction plane, Multi Jet Modelling – analogue of the 
technology named Polyjet Matrix but in this case in building 
a single product can use the different materials. 
B. Type two 
Secondly, the technology of extrusion of molten 
materials which was involves heating of the polymer thread, 
its melting, deposition and follow solidification for forming 
the next layer – Fused Deposition Modelling [6]. Also, often 
there are other name this technology, for example: Fused 
Filament Fabrication, Plastic Jet Printing, Thermoplastic 
Extrusion, etc. As a material were used the different types of 
plastics. 
C. Type three 
Thirdly, the powder technologies based on selective 
bonding of powder material – Binder Jetting and on selective 
sintering of powder material – Selective Laser Sintering [6]. 
Binder Jetting is the uniform application of the powder 
on the construction plane and its follow selective bonding by 
applying of print head some binder. The material base of this 
method – metal and plastic powders, silicates. 
Selective Laser Sintering is an alternative to bonding. 
This method was based on selective sintering of the powder 
under the action of a laser. As an expendable were used the 
powder materials, in particular, wax, polystyrene, ceramics, 
nylon, metal alloys (Direct Metal Laser Sintering), etc. 
III. THE MAIN STEPS OF CREATING A PRODUCT WITH USING 
ADDITIVE TECHNOLOGIES 
The main steps of the manufacturing process of creation 
a product with using AT irrespective of type of the material 
and the treatment technologies of this material are 
highlighted (fig. 1). 
The first step is to create a 3D model with using of a 
specialized software on the specialized computer equipment. 
Then the creative 3D model was loaded into a system of 3D 
printer and the 3D printer was configured in accordance with 
the desired result in the criteria of accuracy and speed of 
creating the finished product. After that in some cases the 
finished product was processed to finishing. 
AT were introduced into manufacturing processes in 
order to rationalize them, to get a unique product and also for 
competitiveness in the market. The leading world powers 
were characterized by the realization a large part of 
manufacturing with using AT (fig. 2). 
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Fig. 1. The steps of the creating of products with using of AT 
 
In Russia at present the additive manufacturing is only in 
the customer sector but the government sets the tasks of 
introducing AT in the defense and industrial production [7]. 
IV. THE MAIN ADVANTAGES AND DISADVANTAGESOF 
ADDITIVE TECHNOLOGIES 
The main advantages and disadvantages of using AT in 
the manufacturing were defined. 
The advantages of AT were included: 
• the realization of manufacturing in the shortest 
possible time and with minimal cost in comparison 
with traditional manufacturing, 
• the getting of the production of some shape and 
geometry, 
• the creation of a product in one technological 
operation, 
• the mobility and the fastest data exchange due to 
working with a virtual object in the first and 
secondly steps of creating a product with using AT 
(fig. 1). 
Among the main disadvantages of AT should be 
highlighted: 
• the high cost of software and expendables, 
• the complexity of the maintenance of equipment 
and the maintenance of efficiency of it, 
• the lack of the qualified personnel who can use 
modern systems of modelling at high level [8], 
• the need for the finished product was processed to 
finishing. 
Development of AT in their entirety was involved the 
improvement of technology 3D printing, in particular, the 
reduction of creating time of a product with keeping the 
specified accuracy. The accuracy was determined by the 
minimum size of the material used – the diameter of the 
granules. The higher accuracy the smaller the diameter of the 
granules. If you need to increase the accuracy twice you 
should reduce the minimum size by the same number of 
times. Accordingly, to get a product of the same volume will 
require eight times more granules. The time of 
manufacturing this product also increase eight times. The 
derived dependence can be illustrated by the empirical 
formula: 
 3 ,
kT
D
=  (1) 
where T – the time of printing, D – the diameter of a granule, 
k – a conversion factor. 
The considered in part two types of AT can be classified 
as follows (fig. 3). 
V. THE ACTUAL PROBLEM AND DEVELOPMENT PROSPECTS OF 
ADDITIVE TECHNOLOGIES 
Based on the proposed classification AT technologies the 
actual problematic issues of application of AT and were 
identified and formulated. 
At the description of some types of AT we can see a lot 
of information about using of metal powders as an 
expendable but at the same time comments about the 
contents of layer-by-layer building of this material are 
absent. The elementary part of the powder is a granule. The 
combination of the metal granules with each other can be 
done with using such technologies as welding and sintering 
of a laser. 
Micro-welding is common for the main range of 
problems which is characterized by welding. Main of these 
problems is the thermal deformation of a creative product. 
The result of thermal deformation is greater the smaller the 
thickness of the welded parts. In accordance with this 
reasoning we can highlight such problem of AT based on the 
welding as the achievement of the required accuracy of thin-
walled parts.  
AT based on sintering of the metal powders are realized 
at high temperatures in a liquid or a solid medium. This 
technology is characterized a similar problem – the creation 
of thin-walled parts with a strictshape. 
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Fig. 2. Parts of AT in manufacturing of the leading world 
powers 
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VI. ANALISYS  
In [14] the results of creating of titanium alloy sample 
Ti-6Al-4V was presented. The alloy was obtained based on 
the use of AT. According to the analysis and comparison of 
mechanical characteristics of this sample and sample of 
alloy, obtained by traditional method, it is noted 
substantially identical chemical composition of these two 
samples, as well as similar values of hardness and 
microhardness. 
However, the roughness of the sample obtained using 
AT is not less than four times higher than roughness of the 
sample obtained by the traditional method. Accordingly, an 
additional finish surface treatment will be required for such 
this sample. 
In [15] the feasibility study of application of welding 
process in AT are presented by the example of plasma-arc 
manufacturing of metal parts and technology of wire-arc 
additive production (WAAM). 
According to the analysis and comparison of mechanical 
characteristics of alloys, obtained by WAAM technology 
and traditional method (forging), it was found that the 
plasticity of materials (elongation) is within the same limits, 
however, the strength characteristics, such as yield strength 
and tensile strength, are higher for the sample, obtained by 
the traditional method. This result also does not allow us to 
talk of a complete replacement of traditional production by 
additive manufacturing. 
In the article [16], samples of corrosion-resistant steels 
made using АТ technologies (in particular selective laser 
alloying of powders), and the traditional method were 
investigated. Analyze of presented results shows, that 
dispersion of used powders is around 20-60 µm. 
This size determines the surface roughness of samples 
obtained using AT, which significantly exceeds the value of 
surface roughness of samples obtained by the traditional 
method. 
When comparing the mechanical properties of the 
studied samples [16, tab. 2 - tab. 4] it was established that 
for samples obtained by selective laser alloying of metal 
powders, there is a tendency to increase the strength 
properties - yield strength and tensile strength, and hardness 
- toughness coefficient. 
The article [17] speaks about the prospects for the use of 
AT in the production of products from titanium and its 
alloys. The main advantage of AT in this case is associated 
with the minimization of industrial waste against the 
background of high cost of titanium. ATs are actively used 
in the automotive industry and aircraft industry, in 
particular, in the production of components for engine, 
bridge and gearbox demonstration models. 
The article [18] in the annotation states that with laser 
fusion of powders of heat-resisting alloy on a nickel basis, it 
is possible to obtain a blank with a homogeneous fine-
grained structure, which can not be made by conventional 
casting. However, the conclusions contain only information 
on the absence of pores and crack-like defects in the sample 
obtained using the AT — laser fusion of a metal powder. 
The granule sizes of the powders used determine the surface 
quality of the obtained samples. Also, the values of the 
characteristics of strength, hardness and plasticity, which 
allow to speak about obtaining a unique fine-grained 
structure, are not presented. 
The annotation of the article [19] states that the 
mechanical characteristics of samples of steel 04X18H9, 
obtained using AT - surfacing, are not lower than for steel of 
a similar composition in the deformed state, obtained by 
traditional production methods. Which partly corresponds to 
the content of conclusions, where the authors of the article 
note the fact that the structure and mechanical 
characteristics of blanks from steel 04X19H9, obtained 
using АТ, are close to the properties of the material 
produced by traditional methods. 
In article [20] it is mentioned that in recent times many 
new structural materials have appeared, as well as methods 
of their application and processing, surpassing traditional 
structural materials in strength and mass-dimensional 
characteristics. However, this phrase is later explained only 
with respect to weight and size characteristics, saying that 
using AT consumes less material and production is 
accompanied by less waste, no explanation is given 
regarding the strength characteristics. The thickness of the 
material layer is determined by the size of the powder 
granules, the minimum size given in the article is 100 
microns, which characterizes the significant surface 
roughness of the products obtained using AT. 
As a result of the analysis [14–20], it can be concluded 
that at present the mechanical properties [21] determined by 
the structure of the material and the grain size of the metal 
powder, as well as the quality of the surface obtained are an 
order of magnitude lower with the use of АТ than with 
traditional production. 
The information about electroforming is not got the wide 
dissemination in open sources. This technology should also 
be attributed to AT because from its implementation the 
process of the creation of product’s shape is similar to 
process of the creation of product by other types of AT 
which we showed in part two of this article – method of 
layer-by-layer building. Electroforming could be a 
perspective direction for the development of AT because in 
this case there are no restrictions which is related to thermal 
deformation and the accuracy of a production is determined 
by the size of the metal’s atoms. 
Bonding Sintering Welding of plastics
AT
Stereolithography Apparatus,
Direct Light Processing,
Material Jetting,
Multi Jet Modeling,
Binder Jetting 
Selective Laser Sintering Fused Deposition Modelling
 
Fig. 3. The classification of AT 
 
Mechanical Engineering, Robotics, and Automation
464
Analysis of the literature about the theory and the 
practice of AT showed that today there is a rapid 
development of AT’s types which allow to create a product 
with an exclusive form. In particular, in medicine are 
obtained the prostheses of bone with using AT, in 
architecture – the volumes models of interior and exterior 
objects [9, 10]. In art AT allow to facilitate the work of 
sculptor whose work can be presented by the following 
number of technological operations: scanning models, 
creating a virtual object and 3D printing of this [12, 13]. 
VII. CONCLUSION 
In accordance with the above we can conclude that the 
development of AT is the further improvement of software 
products for virtual simulation and training of highly 
qualified personnel to extraction of this program’s potential, 
complication of technological equipment with the aim of 
improving the accuracy of manufactured products and 
reducing the time which was spent on this process also 
expansion of the facilities to be used by creating of one 
product. 
Currently AT are used by creating of products with an 
exclusive form. In turn, one of the topical issues of AT is the 
creation of thin-walled products of the required accuracy 
with a strictly form. 
At the same time it should be noted that the reducing of 
manufacturing time of product can be done with using the 
harmonious synthesis of AT and traditional manufacturing. 
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